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Abstract
Background

The coronavirus disease 2019 (COVID-19) pandemic was a public health crisis affecting
medical, social, and psychological wellness. In a previous study, we reported a rise in
alcohol-related hepatitis (ARH) cases between 2019 and 2020 in the central valley of
California. Our goal in the current study was to assess the impact of COVID-19 on ARH at a
national level.

Methods

We used data from the 2016-2020 National Inpatient Sample. All adult patients diagnosed
with ARH (ICD10 K70.1 and K70.4) were included. Information was collected regarding
patient demographics, hospital characteristics, and severity of hospitalization. We analyzed
the annual percentage changes (PC) between 2016-2019 and 2019-2020 to assess the
impact of COVID-19 on hospitalizations. Multivariate logistic regression analysis was
performed to identify factors associated with increased ARH admissions between 2016-
2020.

Results

A total of 823,145 patients were admitted with ARH. The total number of cases increased
from 146,370 in 2016 to 168,970 in 2019 (annual percentage change (PC) 5.1%), while the

cases increased to 190,770 in 2020 (PC 12.4%). The PC in women was 6.6% between 2016-
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2019, which increased to 14.2% between 2019-2020. In men, PC increased by 4.4% between
2016-2019 to 12.2% between 2019-2020. On multivariate analysis, after adjusting for
patient demographics and hospital characteristics, there was 46% increased odds of
admission with ARH in 2020, compared to 2016. The total number of deaths increased from
8,725 in 2016 t0 9,190 in 2019 (PC 1.7%), while the total number of deaths increased to
11,455 in 2020 (PC 24.6%).

Conclusions

A sharp rise in the cases of ARH between 2019-2020 was noted, which aligned with the
COVID-19 pandemic. Not only did total hospitalization increase, but an increase in mortality
was also noted, reflecting higher severity in the patients admitted during the COVID-19

pandemic.

Keywords: Pandemic, COVID-19, Alcohol-related hepatitis, National Inpatient Sample.

Introduction

The COVID-19 pandemic was unprecedented in scale and affected millions worldwide. The
physical and mental well-being of individuals was adversely affected by stay-at-home orders
implemented during COVID-19.%” The societal disruptions that ensued were associated with
increased alcohol use and the risk of developing alcohol use disorder.? During the early days
of the COVID-19 pandemic (March-April 2020), alcohol sales were noted to increase
substantially.” Online liquor sales also increased by 262% during the same time period® A
study by Morton et al. also reported a rise in alcohol sales in 2020 compared to 2015-2019.”
Their study reported that monthly percentage increases in alcohol sales ranged from 14 to
44% during the pandemic. Another study performed on a nationally representative sample
by Pollard et al., which included over 1500 patients, found increased alcohol consumption of

3
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14% overall from 2019 to 2020.% Increase in the rates of alcohol consumption during the

COVID-19 epidemic has been previously documented.”*°

Alcohol-related hepatitis (ARH) may present with severe liver disease and is associated with
bleeding from varices, hepatic encephalopathy, and acute renal failure.'! In-hospital
mortality rates are high in patients with ARH, especially those with complications such as

coagulopathy, hepatic encephalopathy, and acute renal failure.™

We previously described the rise in cases and severity of ARH during the COVID-19
pandemic in the three-hospital system in Fresno, California."” Gonzalez et al. reported a
similar rise in ARH cases in Detroit, Michigan, during COVID-19. However, there are no
reports from nationwide data on temporal trends in hospitalizations due to ARH during the
COVID-19 era. Our study examined ARH hospitalizations before and during the COVID-19

pandemic using data from National Inpatient Sample (NIS).

Methods

Data Source

The National Inpatient Sample (NIS), managed by the Agency for Healthcare Research and
Quality, is a national database of hospitalizations in the United States.™ It contains
information on hospitalizations from 37 states and has been used to estimate disease
burden and outcomes. Detailed information about the database has been described

previously.**®



Journal Pre-proof

Study Population

We used ICD-10 (International Classification of Diseases, Clinical Modification-10th Revision)
codes (K70.1 and K70.4) to identify patients with a diagnosis of alcohol-related hepatitis.
The patients were divided into primary hospitalizations for ARH and secondary
hospitalizations for ARH. Hospitalization was considered primary if the diagnosis code for
ARH was listed in the first position. The remaining admissions were considered secondary.
The current study did not require Institutional Review Board (IRB) approval, given the data

are anonymized and de-identified. This study is in compliance with the Helsinki Declaration.

Study Variables

The following patient-focused data were collected: age, gender, race, insurance status,
income quartile, intensive care unit (ICU) admission rates, shock, and mortality. The
following hospital-focused data were collected: geographic region, hospital size, location
(rural versus urban), and academic affiliation (teaching versus non-teaching). The following

severity-focused data were collected: in-hospital mortality, ICU admission, and shock.

Statistical Analysis

All statistical analyses were performed using the NIS's sample weights and stratified sample
design to obtain nationally representative estimates. We used Chi-square and independent
sample t-tests to compare variables as appropriate. Percentage changes in hospitalization
demographics, characteristics, and surrogate markers of severity were compared between
2016-2019 and 2019-2020 (Early COVID-19 pandemic) to assess if COVID-19 affected
hospitalizations for ARH. The percentage change was calculated by dividing the difference in

the number of cases between the years by the cases noted during the index year and the
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time period (in years). To identify predictors of ARH hospitalization, multivariate logistic
regression was developed. The variables included a year of admission, patient demographics

and hospital characteristics.

Results

National estimates of ARH-related hospitalization rates in the US from 2016-2020

A total of 823,145 patients were admitted with a diagnosis of ARH between 2016-2020. The
total cases of ARH hospitalizations increased from 146,370 in 2016 to 168,970 in 2019 (PC =
5.1%). Cases increased from 168,970 in 2019 to 190,770 in 2020 (PC = 12.9%). Out of the
190,770 patients admitted in 2020, 3,675 (1.93%) of the patients had concomitant COVID-
19. The significant increase in the total admission rates was attributable to the rise in
admissions for secondary diagnosis of ARH. These results are presented in Figure 1. Among
patients with ARH as a secondary diagnosis, the most common primary diagnoses were
alcohol withdrawal, alcoholic cirrhosis of the liver with ascites, sepsis, and alcohol-induced
pancreatitis. The total number of cases with each primary diagnosis is provided in

Supplementary Table 1.

Demographics of ARH patients

Age

Although there was a rise in the cases of ARH across most age groups, the rate of increase
was noted to be drastically higher in younger patients. In patients aged 18-44 years, the
number of cases increased from 48,660 in 2016 to 88,115 in 2019 (2016-2019 PC = 9.2%),
and to 96,525 in 2020 (2019-2020 PC = 19.8%). The rise in the cases was also noted in

patients aged 45-64 and > 65 years old, however, the rise in these two groups was lower
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than in the younger group (2019-2020 PC = 9% and 5%, respectively). The average PC
between 2016-2019 and 2019-2020 is presented in Supplementary Table 1. This is

presented in Figure 2.

Gender

The rise in cases was noted in both genders. In men, the cases increased from 99,170 in
2016 to 112,445 in 2019 (2016-2019 PC = 4.4%), to 126,185 in 2020 (2019-2020 PC = 12%).
A similar increase was also noted in women, from 47,140 in 2016 to 56,515 in 2019 (2016-

2019 PC = 6.6%) to 64,580 in 2020 (2019-2020 PC = 14.2%). This is presented in Figure 3.

Race

Most of the study population was white, although the increase was observed in all racial
groups. The increase in the cases during the COVID-pandemic was noted to be highest
among Native American (25%), followed by African American (17%) and Hispanic patients

(13%). A complete list of patient demographics, stratified by year, is presented in Table 1.

Income Quartile and Insurance Status

There was anincrease in the cases in all income quartiles. Between 2016-2019, the PC was
higher in the top two income quartiles (7.43% and 5.42%), while during the COVID-19
pandemic, the highest increase in cases was noted in the lower two income quartiles

(13.65% and 19.73%).

Prior to the COVID-19 pandemic (2016-2019), an increase in cases was noted in all insurance

groups. The increase was higher among those with public insurance (Medicaid) and those
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without health insurance. During the COVID-19 pandemic, there was a decrease in the cases
among patients with Medicare insurance, while a substantial increase was noted in patients
with private insurance and Medicaid insurance (17.05% and 17.42%, respectively). The

results are depicted in Figure 4.

Hospital Characteristics of ARH Admissions

The majority of the admissions were noted in urban and teaching hospitals. Most patients
admitted with ARH were in the South of the US. The highest increase in cases during the
COVID-19 pandemic was noted in the West (15%), followed by the South (13.7%) and
Midwest (11%). This is presented in Figure 5. Information regarding hospital characteristics,

stratified by year, is presented in Table 2.

Predictors of ARH hospitalizations

On multivariate analysis, we note that there was a statistically significant difference in the
rates of ARH based on the year of admission. There were 18.7% higher odds of having an
admission with ARH in 2019, compared to 2016 after adjusting for patient demographics
and hospital characteristics. The highest odds of admission were noted in 2020. There were
46% higher odds of having an ARH admission in 2020, compared to 2016. Patient-related
factors that were associated with increased odds of ARH admission were being middle aged
(45-64 years old), males, Native American race, Medicaid and Uninsured status. The results

are presented in Table 3.
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Outcomes

In-hospital mortality

The mortality in patients with ARH increased from 8,725 in 2016 to 9,190 in 2019 (2016-
2019 PC =1.7%). A sharp rise was noted in in-hospital mortality in 2020, with 11,455 patients
suffering in-hospital mortality (2019-2020 PC = 24.6%). The information regarding severity,
stratified by year, is presented in Figure 6. On further stratification of patients who suffered
in-hospital mortality in 2019 and 2020, we noted that the highest increase in mortality was
noted in younger patients aged 18-44 in 2020, compared to 45-64 years and greater than 65
years (39.7% vs. 20.7% and 16.9%) respectively. The mortality among females increased by
28.9% compared to 22.1% in males. Further information is provided in Supplementary Table

2.

ICU admissions

There has been an increase in ICU admissions from 13,195 in 2016 to 15,425 in 2019 (2016-
2019 PC =5.6%). The cases increased further to 18,165 in 2020 (2019-2020 PC = 17.7%).
Between 2019 and 2020, we noted an higher increase in the ICU admissions among younger
patients aged 18-44 years (27.6% increase), females (23.1% increase), Asian pacific islanders
(100% increase) and African Americans (37.1% increase). The results are provided in the

Supplementary Table 3.

Shock
There has been an increase in admissions with shock from 10,070 in 2016 to 13,275 in 2019
(2016-2019 PC = 10.6%). The cases increased further to 16,585 in 2020 (2019-2020 PC =

24.9%)
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Liver Transplantation
The number of liver transplants for patients with alcohol-related hepatitis increased from
555 in 2016 to 660 in 2018 and 1,055 in 2019 (2016-2019 PC=30.3%), while the number of

liver transplants in 2020 was noted to be 1,300 (2019-2020 PC=23.2%)

Discussion

While there have been studies highlighting the increase in alcohol use during the COVID-19
pandemic, there is limited research on the national impact of the increase in alcohol
consumption during the pandemic on alcohol-related liver disease in general and on the
burden of ARH specifically. In our study of the large, nationwide patient sample,
hospitalizations for ARH increased by 12.9% from 2019 to 2020. This increase is higher than
the previous rate of 5.1% between 2016 to 2019, emphasizing the significant impact of the

COVID-19 pandemic on the previous trend of rising cases of ARH in the pre-pandemic era.

Patients in the youngest age group (18-44) had a more significant rise in cases of ARH during
the COVID-19 pandemic (2019 to 2020 PC = 19.8%) compared to the older patients and a
much more significant increase compared to the pre-pandemic era (2016-2019 PC = 9.2%).
These findings are consistent with our previous regional study, which highlighted drastic
increases in ARH among younger patients during the COVID-19 pandemic. We had
previously hypothesized that multiple factors could contribute to the rise of AHR in younger
patients, including disruptions in college life, transition to virtual learning, financial stressors
due to lack of job opportunities, and isolation from friends and family.™® Furthermore, the

loss of support systems in those with substance abuse orders might have also contributed to

10
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the increase in ARH admissions among the younger population. This significant increase is of
great concern as patients with ARH are at risk of progression to end-stage liver disease in
addition to the severe consequences of acute ARH itself. Julien et al. estimated, using
microsimulation models, that a short-term increase in alcohol consumption during the
pandemic resulted in an increase in mortality (8,000 cases) and liver failure (18,700 cases),
resulting in a loss of 8.9 million disability-adjusted life years between 2020-2040. The study
noted that any persistent increase would result in increased mortality, particularly amongst
younger cohorts born after 1960, further highlighting that this short-term increase in alcohol

consumption can have long-lasting consequences.19

Arise in cases of ARH was noted in both genders, although a higher annual increase was
noted among women. In our previous study of a single hospital system in California, we
noted an increase in the cases of ARH among women; however, the difference did not reach
statistical significance.™® A study by Pollard et al. reported a 17% increase in weekly drinking
and a 41% increase in heavy dririking among women in 2020 compared to 2019.2 Previous
studies have documented gender-based differences in response to life stressors, with the
study by Barbosa et al. indicating that women have experienced more psychological
stressors due to the pandemic disruptions and were more likely to exceed recommended
drinking limits as a coping mechanism compared to men.?’ Another study by Hahm et al.
reported that COVID-19-related grief was associated with heavy drinking behavior in
women.?! These findings are of great concern as women are at increased risk for developing
alcohol-related liver disease due to differences in alcohol dehydrogenase activity, sex

hormones, body fat distribution, and liver volume between the two genders.zz'24

11
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With regard to race, the increases in cases were noted among all races; the highest
increases were noted among Native American, followed by African American and Hispanic
patients. This is similar to another study by Damjanovska et al. of a cohort of over 8 million
patients in which African American patients were more likely to not only be diagnosed with
and managed for alcoholic hepatitis (OR = 2.63) but also with alcohol-related pancreatitis
(OR = 2.17) and alcohol-related gastritis (OR= 3.09).% This racial disparity potentially
underscores the more notable difficulties experienced by minority populations during the
pandemic. Almost a quarter of African American or Hispanic patients in 2020 were
employed in service industry jobs, an industry particularly impacted by restrictions and
layoffs during the pandemic.26 In April 2020, a study surveying various groups found that
61% of Hispanic and 44% of African American patients stated they or someone in their home

had experienced wage or job loss due to the pandemic, compared to 38% of Whites.?’

A concerning finding is the increasing severity of ARH hospital admissions. Between 2019
and 2020, there was a 17.7% increase in ICU admissions, and 24.9% increase in rates of
shock, and a 24.6% increase in in-hospital mortality, as compared to 5.6%,10.7,%, and 1.7%
increase, respectively between 2016-2019. The mortality findings prior to the pandemic are
similar to the study by White et al., which reported a 2.2% mean annual change from 1999
to 2017.%8 Our study also noted an increase in liver transplantation rates during 2019 and
2020, corresponding to an increase in the cases of ARH. The substantial increases in
morbidity and mortality of ARH, especially in younger patients, carry massive societal
implications from the standpoint of years of life lost as well as significant increases in
healthcare spending to care for these critically ill patients. They also reported an increase in

the cases.

12
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Another study by Sedarous et al. noted an increase in hospitalizations for alcohol-related
liver disease (ALD) compared to pre-pandemic years, with an increase in mortality among
patients with ALD®. Their study noted an increase in hospitalizations for ARH from 19,240 in
2019 to 22,185 in 2020. Although their study used the same database, it is unclear why the
total number of ARH cases in their analysis is lower than our analysis. The methodology
described by the authors does not explain what ICD-10 codes for ARH were used in the
analysis. We believe that the difference in the numbers is likely due to the use of different
ICD-10 codes. Recently another study by Kulkarni et al. reported a 23% increase in the
mortality in 2020, compared to 2019 using data from 2019-2020 center of disease control
and prevention (CDC) WONDER multiple causes of death database.*® Their study reported
marked increase in deaths among American Indian/Alaska Native patients, which aligns with

our study findings.

Given the features of the NIS dataset, we could not calculate illness scores such as MELD-Na
or Child-Pugh. Secondly, NIS does not provide patient identifiers, and therefore, hospital re-
admissions cannot be tracked. ICD-10 diagnosis codes are used to identify patients, and the
possibility of coding errors and erroneous diagnosis coding is always a limitation of such
studies. Nevertheless, we believe the large population size and the nationwide sample size
are important strengths of our study and outweigh these limitations. We believe that
further study of additional population-based databases and examination of the

socioeconomic and health outcomes related to ARH in the COVID-19 era is indicated.
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Conclusions

Our study found significant increases in the case numbers and severity of ARH during the
COVID-19 pandemic across the United States. Models have predicted that even short-term
increases in alcohol use can have drastic short and long-term consequences on the
population basis. Our findings highlight the urgent need for concerted efforts on the part of
health care providers and policy makers for early identification, treatment and primary
prevention of alcohol use disorder to prevent the tsunami of alcohol-related liver disease in

the coming years.
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Figure Legends

Figure 1: Number of alcohol-related hepatitis (ARH) hospitalizations from 2016 to 2020.
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Figure 2: Number of alcohol-related hepatitis (ARH) hospitalizations, stratified by age group,

from 2016 to 2020.
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Figure 3: Number of alcohol-related hepatitis (ARH) hospitalizations, stratified by gender,

from 2016 to 2020.
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Figure 4: Number of alcohol-related hepatitis (ARH) hospitalizations, stratified by insurance

status, from 2016 to 2020.
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Figure 5: Number of alcohol-related hepatitis (ARH) hospitalizations, stratified by hospital

location, from 2016 to 2020.
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Figure 6: Outcomes stratified by year, from 2016 to 2020.
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Table 1- Patient Demographics, stratified by Year

APC
between |APC
2016- between
Demographi p- 2019 2019-2020
cS 2016 (2017 |2018 |2019 |2020 |value |(%age) |(%age)
Age
Category <0.001
48,66
0
(33.24 50,510 [56,555 62,710 |74,475(
18-44 ) (33) (34.49) |(36.79) |139.04) 9.62 18.76
82,87
5
(56.62 |86,155 {89,165 88,115 {96,525
45-64 ) (56.3) [(54.37) |(52.15) |(50.6) 2.11 9.54
14,83
5
(10.14 /16,375 |18,275 18,685 |19,770
>65 ) (2.07) [(11.14) |(11.06) |(10.36) 8.65 5.81
Sex <0.001
99,17
0 103,43 (109,70 (112,45
(67.75|5 5 5 126,185
Males ) (67.59) |(66.9) |(66.55) |(66.15) 4.47 12.21
47,14
0
(32.21 (49,600 54,285 |56,515 |64,580
Females ) (82.41) |(33.1) |(33.45) |(33.85) 6.63 14.27
Race <0.001
98,66 103,14 (111,14 |115,37
0 0 0 0 127,720
White (67.4) |(67.39) |(67.77) |(68.28) |(66.95) 6.65 10.7
13,94
0 15,150 (15,875 {16,060 ({18,795
Black (9.52) [(9.9) [(9.68) [(9.51) |(9.85) 5.07 17.03
17,62
5
(12.04 {19,325 (21,670 22,310 |25,250
Hispanic ) (12.63) [(13.21) {(13.2) |(13.24) 8.86 13.18
Asian/Pacific |1,590 |1,695 (1,885 (2,095 |2,480
Islander (2.09) |(1.11) [(1.15) |(1.24) |(1.3) 10.59 18.38
Native 3,430 (3,680 (4,195 |4,340 |5,445
American (2.34) |(2.41) |(2.56) |(2.57) |(2.85) 8.84 25.46
Primary
expected <0.001
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payer
29,59
5
(20.22 131,265 |33,085 |32,715 |32,480
Medicare ) (20.43) {(20.17) {(19.36) |(17.03) 3.51 -0.72
55,29
0
(37.77|58,500 |62,000 {66,035 |77,535
Medicaid ) (38.23) [(37.81) {(39.08) |(40.64) 6.48 17.42
37,84
5
(25.86 {38,820 |42,185 {42,720 |50,005
Private ) (25.37) |(25.72) |(25.28) |(26.21) 4.29 17.05
15,81
0 16,805 (18,590 (19,510 ({21,390
Uninsured (10.8) {(10.98) |(11.34) |(11.55) |(11.21) 7.8 9.64
Median
Household
Income 0.113
41.85
Lowest 5 42,980 |42,620 |44,975 |51,115
guartile (28.6) {(28.08) |(25.99) |(26.62) |(26.79) 3.51 -0.72
36,01
Second 0 38,675 [42,255 [41,755 {49,995
guartile (24.6) |(25.27) |(25.77) |(24.71) |(26.21) 6.48 17.42
35,32
5
(24.13 37,000 41,015 {43,200 {46,005
Third quartile |) (24.18) |(25.01) |(25.57) |(24.12) 4.29 17.05
28,93
5
Highest (19.7729,910 (33,315 33,640 |37,565
quartile ) (19.54) [(20.31) {(19.91) |(19.69) 7.8 9.64
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Table 2- Hospital Characteristics, stratified by Year

APC
between |APC
2016- between
2016 2017 (2018 (2019 2020 p- 2019 2019-2020
n (%) n(%) |n(%) |n(%) |n(%) value |(%age) |(%age)
Hospital
Region 1
31,025
28,225 29,065 ((18.92 ({32,835 (35,845
Northeast (19.28) (18.99) |) (19.43) ((18.79) 5.44 9.17
39,260
33,820 36,335 ((23.94 ({40,465 |45,175
Midwest (23.11) (23.74) |) (23.95) ((23.68) 6.55 11.64
49,935
45,800 46,810 ((30.45 (50,865 |57,840
South (31.29) (30.59) |) (30.1) |(30.32) 3.69 13.71
43,775
38,525 40,830 ((26.69 |44,805 (51,910
West (26.32) [(26.68) |) (26.52) |(27.21) 5.43 15.86
Hospital
location 0.23
11,080 11,760 (11,835(11,010 |12,675
Rural (7.57) (7.68) |(7.22) |(6.52) |(6.64) -0.21 11.1
152,16
141,28 |0
132,590 |0 (92.78 |157,960{178,095
Urban (92.43) (92.32) |) (93.48) |(93.36) 6.38 13.52
Teaching
versus non-
teaching
hospitals <0.001
46,550
Non-Teaching 50,865 47,880 ((28.39 |43,060 (47,840
hospitals (34.75) (31.29) |) (25.48) |(25.08) -5.11 15.12
117,44
105,16 |5
Teaching 95,505 0 (71.61 |125,910(142,930
hospitals (65.25)  [(68.71) |) (74.52) |(74.92) 10.61 12.75
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Table 3-Results of multivariate logistic regression model assessing the impact of year, patient
demographics, and hospital characteristics on admissions for ARH

Adjusted odds ratio|p-value|95% CI

Year

2017 1.05 0.01 1.02-1.09
2018 1.14 <0.001 |1.10-1.19
2019 1.19 <0.001 |1.14-1.23
2020 1.46 <0.001 |1.41-1.51

Age Category

18-44 Ref

45-64 2.32 <0.001 [2.28-2.36
>65 0.40 <0.001 [0.38-0.41
Sex

Males Ref

Females 0.43 <0.001 [0.42-0.44
Race

White Ref

Black 0.48 <0.001 |0.47-0.49
Hispanic 0.68 <0.001 |0.67-0.70
Asian/Pacific Islander 0.31 <0.001 |0.29-0.32
Native American 2,51 <0.001 |2.36-2.67

Primary expected payer

Medicare Ref

Medicaid 2.20 <0.001 |2.15-2.24
Private 0.94 <0.001 |0.92-0.96
Uninsured 3.27 <0.001 [3.19-3.36

Median Household Income

Lowest quartile Ref

Second quartile 1.09 <0.001 [1.07-1.11
Third quartile 1.22 <0.001 [1.19-1.24
Highest quartile 1.31 <0.001 [1.28-1.34
Urban hospitals 1.29 <0.001 (1.24-1.34
Teaching hospitals 0.92 <0.001 [0.90-0.95
Hospital Region

Northeast Ref

Midwest 1.01 0.60 0.97-1.05
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South 0.71 <0.001 (0.69-0.75

West 1.17 <0.001 |1.13-1.21
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